Optical-power limiters (OPLs) are materials or devices designed to allow normal transmission of light at low intensities and limited transmission at higher irradiance (see Figure 1 ). 1 Current increased levels of interest in OPLs for use in space are driven by the increasing number of space-based missions and applications that require laser protection. Polymeric-material-based OPL filters may experience degraded performance of their optical, nonlinear optical, and mechanical properties when exposed to the space environment for extended periods of time. 2 Damage can be caused by solar UV radiation, solar-flare x-rays, electron and proton radiation, atomic oxygen (for low-Earth-orbit missions), and extreme temperature variations.
Figure 1. (a) Optical-power limiter (OPL), concept. (b) Output power (E o ) as a function of input energy (E in ) for an ideal OPL.
To qualify novel polymer-based OPL filters for long-term space use, all environmental aspects must be considered. The ideal test would simulate all effects to the same level of acceleration in the same facility, yet it could not perfectly replicate all aspects of space. The best alternative approach is sequential testing. Exposure to single environmental conditions is useful for screening, and it can be used to determine the role of individual environments in OPL-filter performance degradation.
We have developed a novel OPL filter based on multicomponent chromophores [11] [12] [13] associated with hyperbranched polymers (HBPs), 14 a class of dendritic nanoscale polymers that are highly branched and have a relatively large number of end groups. 15 Cross-linkable end groups are particularly useful because they enable formation of networks in which HBPs of any mixture of chemical compositions can be combined to form honeycomb-like nanostructures. These nanodomains allow HBP networks to encapsulate smaller molecular-weight species within their highly branched nanoscopic molecular architecture (the 'golf ball in the bush' effect). We evaluated these filters in a high-radiation environment, focusing our experimental setup on the effects caused by gamma-ray radiation. 13 The results provided promising evidence that our HBP-based OPL films are not adversely affected by gamma irradiation.
Our newly developed optical switching material is based on multimechanistic optical limiting. The HBP is uniquely suited for operation as solid matrix material with excellent optical quality. We built an OPL system using HBP as polymer matrix and a nonlinear scattering component in addition to other OPL-active components such as reverse-saturable absorber and photochromic dye (azo dye). We evaluated the samples' OPL properties before and after gamma irradiation. Its effect on the glass substrate was obvious from the change in percentage transmission at 532nm: the post-irradiated glass surface is darker and therefore less transmissive. Our results for a representative sample are shown in Figure 2 , based on irradiation with a 532nm laser. For this sample, the OPL onset occurred at an input energy of approximately 3µJ, for an output clamping energy level of ∼3.5µJ. The post-irradiated OPL films can withstand fairly high doses of gamma-ray irradiation, and their OPL properties did not show any detrimental effects.
When appropriately combined in a HBP matrix, organic and inorganic chromophores offer a huge potential as OPL materials for sensor protection, and are promising candidates for spacebased applications. The plasticity and flexibility of various host materials should allow us to design and fabricate a range of optimized structures to meet different requirements. As our next step we will evaluate the performance of such films exposed to other types of radiation present in space environments.
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